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(57) ABSTRACT

A current interrupt device, method thereof, and battery
assembly suitable for reducing the likelihood of an over-
charge of the battery. The battery assembly includes a busbar
electrically connecting an anode of a first battery cell and a
cathode of a second battery cell of the battery assembly. The
busbar is configured to interrupt the flow of electrical current
between the anode and cathode in response to a mechanical
impact load, for example an automobile crash.
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CURRENT INTERRUPT DEVICES,
METHODS THEREOF, AND BATTERY
ASSEMBLIES MANUFACTURED
THEREWITH

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/132,630, filed Mar. 13, 2015, the
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to batteries
and their uses. The invention particularly relates to an inte-
grated current interrupt device for interrupting current within
a battery in the event of a mechanical impact load.

[0003] Currently, the automotive industry is facing
increased pressure from consumer demand for more fuel-
efficient vehicles. To meet these requirements, as well as new
regulations enforced by the FEnvironmental Protection
Agency, automotive manufactures have increasingly relied
on battery power for automobile power. Unfortunately, the
cost of manufacturing batteries is still relatively high, each
additional battery increases the risk of an overcharge, and
there are risks of explosions during accidents that have not yet
been completely preventable. As such, industry is continu-
ously attempting to both reduce the cost of manufacturing car
batteries and improve their safety.

[0004] To improve upon safety, modern batteries generally
comprise safety devices integrated in the cell design for over-
charge and short-circuit protection. One type of safety device
is an integrated current interrupt device (CID), which electri-
cally disconnects the cell if internal pressures get too high.
For battery cells with hard shell batteries (i.e., cylindrical and
prismatic cells), the individual battery cells may have CID
functionality for internal short circuits. Softer shell batteries
(i.e., pouch cells) generally do not have CID functionality
since the currently-accepted assumption in the battery indus-
try is for the pouch/bag to simply open under high internal
pressure inside the pouch. However, in the automotive indus-
try, for instance, large numbers of battery cells are commonly
constrained in the thickness direction thereof, and therefore
the pouch cells may not be capable of opening freely as
assumed. It is believed that no CID functionality is currently
provided to any type of battery for mechanical impact loads.
[0005] Accordingly, there is an ongoing desire for methods
or devices by which CID functionality may be provided to
battery cells that interrupt current in the event of mechanical
impact loads, for example, during an automobile accident.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The present invention provides current interrupt
devices, methods thereof, and battery assemblies manufac-
tured therewith suitable for interrupting current flow between
battery cells in response to a mechanical impact loading
event, such as may occur during an automobile accident.

[0007] According to one aspect of the invention, a battery
assembly includes at least two battery cells each comprising
an anode terminal and a cathode terminal, and a busbar elec-
trically connecting the anode terminal of a first of the at least
two battery cells and the cathode terminal of a second of the
at least two battery cells. The busbar is configured to interrupt
the flow of electrical current between the anode terminal of
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the first battery cell and the cathode terminal of the second
battery cell in response to a mechanical impact load.

[0008] According to another aspect of the invention, a
method of reducing the likelihood of an overcharge of a
battery assembly having at least two battery cells includes
providing a busbar that electrically connects an anode of a
first of the at least two battery cells and a cathode of'a second
of the at least two battery cells. In the event of a mechanical
impact load on the battery assembly, the busbar interrupts the
flow of electrical current between the anode of the first battery
cell and the cathode of the second battery cell in response to
the mechanical impact load.

[0009] According to another aspect of the invention, a cur-
rent interrupt device for use in a battery assembly having at
least two battery cells includes a busbar configured to elec-
trically connect an anode terminal of a first of the at least two
battery cells and a cathode terminal of a second of the at least
two battery cells. The busbar is also configured to interrupt
the flow of electrical current between the anode terminal of
the first battery cell and the cathode terminal of the second
battery cell in response to a mechanical impact load.

[0010] Technical effects of the battery assembly, current
interrupt device, and methods thereof described above pref-
erably include the capability of improving the safety of bat-
tery assemblies by physically disconnecting electric connec-
tions between battery cells under mechanical impact load at a
busbar, thus preventing or reducing the likelihood of an over-
charge.

[0011] Other aspects and advantages of this invention will
be better appreciated from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 schematically represents a nonlimiting
example of a busbar prior to, during, and after an impact
mechanical loading event wherein mechanical forces acting
upon the busbar over time cause sections of the busbar to
separate and break contact in accordance with certain aspects
of the invention.

[0013] FIG. 2 is a perspective view of a nonlimiting granu-
lar battery assembly having anodes and cathodes of indi-
vidual battery cells electrically connected by busbars in
accordance with certain aspects of the invention.

[0014] FIG. 3 is a perspective view representing cylindrical
battery cells having anodes and cathodes thereof electrically
connected by busbars in accordance with certain aspects of
the invention.

[0015] FIG. 4 is a perspective view of a nonlimiting topo-
logically interlocked battery assembly having anodes and
cathodes of individual battery cells electrically connected by
busbars in accordance with certain aspects of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention provides methods suitable for
providing battery cells with current interrupt device (CID)
functionality to interrupt current in the event of a sufficiently
great mechanical impact load, for example, as may occur
during an automobile accident. Batteries in accordance with
aspects of the present invention include one or more busbars
(bus bars) that function for both electricity transmission and
as a CID. As such, the present invention provides CIDs,
methods of using the CIDs, and batteries manufactured with
the CIDs.
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[0017] A busbar is generally a strip or bar of metal that
conducts electricity within a switchboard, distribution board,
substation, battery bank, or other electrical apparatus. During
normal operation of batteries of the types described herein,
busbars connect individual battery cells and function as
simple busbars, thatis, conduct electricity between anode and
cathode terminals of the battery cells. However, under impact
mechanical loading conditions, such as vehicle crash events,
the busbars are configured to break or sever the electrical
connection in a manner that prevents current flow and pre-
vents or at least reduces the likelihood of a battery overcharge
and explosion. For example, FIG. 1 represents a nonlimiting
busbar prior to (top image), during (two middle images), and
after (bottom image) an impact mechanical loading event. As
represented, mechanical forces acting upon the busbar over
time cause sections of the busbar to separate and break con-
tact. Consequently, the busbar will preferably interrupt the
flow of current between individual battery cells and thereby
function as a CID. Therefore, busbars as described herein
preferably provide both electricity transmission and current
interrupt functionality. The busbar 16 in FIG. 1 is represented
as two cladded metal components 16a and 165 that are sub-
stantially coplanar and bonded together at a continuous and
planar interface 17 disposed at an oblique angle to the plane of
the busbar such that, upon mechanical impact loading, the
two metal components are displaced in opposite directions
out of the plane of the bus bar.

[0018] The busbars may be formed of any materials suit-
able for conducting electricity between battery cells and
whose cladded metal components are capable of being
bonded together. As a nonlimiting example, the cladded metal
components of a busbar may be formed ofa cladded metal, for
example aluminum and copper. It is believed that such an
arrangement may significantly reduce the cost of assembly of
the batteries since the aluminum and copper ends of the
components can be metallurgically joined (e.g., soldered or
welded) directly to the cathode (positive, aluminum) and
anodes (negative, copper) battery terminals, respectively,
without the use of machine screws that are typically used in
battery assembly.

[0019] The busbars may have any structure suitable for
conducting electricity between individual battery cells during
normal operation, and for interrupting such electrical conduc-
tion during a mechanical impact loading event. As a nonlim-
iting example, a battery assembly may include a busbar elec-
trically connecting an anode of a first battery cell and a
cathode of a second battery cell. In such a configuration, the
busbar is preferably configured to interrupt the flow of elec-
trical current between the anode and cathode in response to a
mechanical impact load.

[0020] Busbars as described herein may be used with any
type of battery. For example, FIG. 2 represents a granular
battery assembly (GBA) comprising a plurality of cylindrical
battery cells 12, each individually surrounded by a deforma-
tion unit 14. The deformation units 14 are capable of being
deformed and hence absorb kinetic energy in the event of an
impact loading. GBAs and components of the type repre-
sented in FIG. 2 are disclosed in U.S. Patent Application
Publication No. 2015/0155534 to Tsutsui et al., the contents
of' which are incorporated herein. The GBA includes busbars
16 that are of the type represented in FIG. 1 and electrically
connect individual battery cells 12 of the GBA. In this
arrangement, each of the individual battery cells 12 includes
an anode terminal on a first end thereof and a cathode terminal
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ona second end thereof. The orientation of the battery cells 12
alternate between adjacent battery cells 12 such that busbars
16 may connect the battery cells 12 in series. Therefore,
although not shown, the battery cells 12 in FIG. 2 that appear
to be electrically separate are connected by busbars 16 on
lower ends (not shown) of the battery cells 12. For example,
a first cell 18 includes a cathode on a lower end thereof that is
connected by a busbar 16 to an anode on a lower end of a
second cell 19. FIG. 3 represents an alternative arrangement
wherein the individual battery cells 12 each include an anode
terminal 20 and a cathode terminal 22 on the same end of the
battery cell 12, and the busbars 16 electrically connect each of
the battery cells 12 by their anode and cathode terminals 20
and 22 in series. Preferably, in the event of a mechanical
impact load on the GBA, the busbars 16 separate and interrupt
the flow of electrical current between the anodes and cathodes
of'the adjacent battery cells 12 in response to the mechanical
impact load, for example, in the manner described in refer-
ence to FIG. 1.

[0021] Asanothernonlimiting example, FIG. 4 represents a
topologically interlocked battery assembly (TIBA) compris-
ing a plurality of truncated tetrahedron-shaped battery cells
32. In this arrangement, each battery cell 32 is supported by
adjacent battery cells 32. Such TIBAs and their components
are disclosed in U.S. Patent Application Publication No.
2015/0155534 to Tsutsui et al., the contents of which are
incorporated herein. Similar to the battery assembly repre-
sented in FIG. 2, each of the individual battery cells 32
includes an anode terminal on a first end thereof and a cathode
terminal on a second end thereof. The orientation of the
battery cells 32 alternate between adjacent battery cells 32
such that busbars 16 may connect the battery cells 32 in series.
Therefore, although not shown, the battery cells 32 in FIG. 4
that appear to be electrically separate are connected by bus-
bars 16 on lower ends (not shown) of the battery cells 32. For
example, a first cell 38 includes an anode on a lower end
thereof that is connected by a busbar 16 to a cathode on a
lower end of a second cell 39. Preferably, in the event of a
mechanical impact load on the TIBA, the busbars 16 separate
and interrupt the flow of electrical current between the anodes
and cathodes of the adjacent battery cells 32 in response to the
mechanical impact load, for example, in the manner
described in reference to FIG. 1.

[0022] Inview ofthe above, it can be seen that a significant
advantage of this invention is that the safety of batteries may
be improved by introducing CIDs in accordance with aspects
of this invention since the electric connections of multiple
battery cells under mechanical impact load can be physically
disconnected at the busbar, thus preventing or reducing the
likelihood of an overcharge. Furthermore, the manufacturing
and material costs of the batteries may be reduced if a cladded
metal, such as aluminum and copper, is used since connecting
screws between busbars and batteries may be eliminated by
the use of welding or soldering processes.

[0023] It will be understood that batteries in accordance
with aspects of the present invention, in addition to the
mechanical impact/shock loading CID functionality, may
include conventional CID functionality for internal short cir-
cuits. A nonlimiting example of a CID for an internal short
circuit is disclosed in U.S. Pat. No. 8,945,740 to Fuhr et al.,
the contents of which are incorporated herein by reference. It
is also foreseeable that batteries in accordance with the
present invention are applicable to devices other than motor
vehicles.
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[0024] While the invention has been described in terms of
specific embodiments, it is apparent that other forms could be
adopted by one skilled in the art. For example, the physical
configuration of the battery assemblies, battery cells, and/or
busbars could differ from that shown, and materials and pro-
cesses/methods other than those noted could be used. There-
fore, the scope of the invention is to be limited only by the
following claims.

1. A battery assembly comprising:

at least two battery cells each comprising an anode terminal

and a cathode terminal; and

a busbar electrically connecting the anode terminal of a

first of the at least two battery cells and the cathode
terminal of a second of the at least two battery cells, the
busbar being configured to interrupt the flow of electri-
cal current between the anode terminal of the first bat-
tery cell and the cathode terminal of the second battery
cell in response to a mechanical impact load.

2. The battery assembly of claim 1, wherein the busbar is a
cladded structure comprising at least two components bonded
together at an interface therebetween.

3. The battery assembly of claim 1, wherein the cladded
structure is configured such that in response to the mechanical
impact load a first of the components is displaced in a first
direction and a second of the components is displaced in a
second direction opposite the first direction.

4. The battery assembly of claim 1, wherein the anode
terminal and the cathode terminal are located on the same side
of each of the at least two battery cells.

5. The battery assembly of claim 1, wherein the anode
terminal and the cathode terminal are located on oppositely
disposed sides of each of the at least two battery cells and the
orientation of the at least two battery cells are reversed in the
battery assembly.

6. The battery assembly of claim 1, wherein the battery
assembly is a granular battery assembly.

7. The battery assembly of claim 1, wherein the battery
assembly is a topologically interlocked battery assembly.

8. The battery assembly of claim 7, wherein the at least two
battery cells are truncated tetrahedron-shaped battery cells.

9. The busbar of claim 1, wherein the busbar comprises at
least two components that are substantially coplanar and
bonded together ata continuous and planar interface disposed
at an oblique angle to the plane of the busbar such that, upon
mechanical impact loading, the components are displaced in
opposite directions out of the plane of the bus bar.

10. A method of reducing the likelihood of an overcharge
of'abattery assembly comprising at least two battery cells, the
method comprising:

providing a busbar that electrically connects an anode of a

first of the at least two battery cells and a cathode of a
second of the at least two battery cells; and
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during a mechanical impact load on the battery assembly,
the busbar interrupts the flow of electrical current
between the anode of the first battery cell and the cath-
ode ofthe second battery cell in response to the mechani-
cal impact load.

11. The method of claim 10, wherein the busbar is a clad-
ded structure comprising at least two components bonded
together at an interface therebetween.

12. The method of claim 10, wherein the cladded structure
is configured such that in response to the mechanical impact
load a first of the components is displaced in a first direction
and a second of the components is displaced in a second
direction opposite the first direction.

13. The method of claim 10, wherein the anode terminal
and the cathode terminal are located on the same side of each
of'the at least two battery cells.

14. The method of claim 10, wherein the anode terminal
and the cathode terminal are located on oppositely disposed
sides of each of the at least two battery cells and the orienta-
tion of the at least two battery cells are reversed in the battery
assembly.

15. The method of claim 10, wherein the battery assembly
is a granular battery assembly.

16. The method of claim 10, wherein the battery assembly
is a topologically interlocked battery assembly.

17. The method of claim 16, wherein the at least two battery
cells are truncated tetrahedron-shaped battery cells.

18. A current interrupt device for use in a battery assembly
comprising at least two battery cells, the current interrupt
device comprising:

a busbar configured to electrically connect an anode termi-
nal of a first of the at least two battery cells and a cathode
terminal of a second of the at least two battery cells, and
interrupt the flow of electrical current between the anode
terminal of the first battery cell and the cathode terminal
of the second battery cell in response to a mechanical
impact load.

19. The current interrupt device of claim 18, wherein the
busbar comprises at least two components that are substan-
tially coplanar and bonded together at a continuous and pla-
nar interface disposed at an oblique angle to the plane of the
busbar such that, upon mechanical impact loading, the com-
ponents are displaced in opposite directions out of the plane
of the bus bar.

20. The current interrupt device of claim 19, wherein the
cladded structure is configured such that in response to the
mechanical impact load a first of the components is displaced
in afirst direction and a second of the components is displaced
in a second direction opposite the first direction.
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